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PreviewsTranslational Repression by
Bicoid: Competition for the Cap
Eggs and embryos have proven to be fertile grounds
for discovery and characterization of a variety of
mechanisms used in posttranscriptional control of
gene expression, mechanisms that are central to em-
bryonic patterning and development. In this issue of
Cell, Cho et al. (2005) solve a puzzle surrounding the
action of the Drosophila Bicoid morphogen in forma-
tion of the Caudal protein gradient and in doing so
describe a novel mechanism of translational re-
pression.
Segmentation of the Drosophila embryo occurs in a
stepwise fashion. Combinations of proteins, primarily
regulators of transcription and translation, pro-
gressively divide the embryo into narrower and sharper
zones, which will eventually correspond to segmental
units. Standing atop this hierarchy are Bicoid and
Nanos, factors that are deployed in concentration gra-
dients descending from the anterior and posterior poles
and which define relatively broad zones of downstream
gene expression. Nanos is the localized component of
a multifactor translational repression machine (Sonoda
and Wharton, 1999). Bicoid has dual roles in patterning
the Drosophila embryo. In the nucleus it acts as a tran-
scription factor, while in the cytoplasm it represses
translation of caudal mRNA to form an opposing gradi-
ent of Caudal protein (Dubnau and Struhl, 1996; Rivera-
Pomar et al., 1996). The action of Bicoid the transcrip-
tion factor is relatively well understood, although the
finer points keep emerging. Bicoid the translational re-
pressor has held its secrets for longer. It binds to a re-
gion of the caudal mRNA 3#UTR and blocks initiation
of translation (Chan and Struhl, 1997; Niessing et al.,
1999; Rivera-Pomar et al., 1996), but the mechanism is
only now becoming clear.
The cap at the 5# end of eukaryotic mRNAs is crucial
for initiation of translation. This structure, m7GpppN
(where N is the first template-encoded nucleotide of the
transcript), is recognized and bound by eIF4E. The in-
teraction of eIF4E with eIF4G and associated factors,
including the small ribosomal subunit, then serves to
initiate translation. Not surprisingly, given its critical
role, eIF4E is the target for multiple translational control
mechanisms. These can act nonspecifically, reducing
the overall rate of cap-dependent initiation, or specifi-
cally, inhibiting the translation of particular mRNAs.
Blocking the interaction with eIF4G is the recurrent
theme for repression by a number of eIF4E binding pro-
teins (Richter and Sonenberg, 2005). An α-helical re-
gion with the sequence YXXXXLf (where f is any hy-
drophobic amino acid) comprises the eIF4E binding
domain of eIF4G and other eIF4E binding proteins. Be-
cause these proteins compete with eIF4G for binding
to eIF4E, their efficacy is presumably directly related to
their affinity for eIF4E.Examples of mRNA-specific repression continue the
theme of preventing the eIF4E/eIF4G interaction.
Maskin provides a prototype, and the detailed mecha-
nism derived for its function has served as a model for
the more recently characterized Cup protein. Maskin
behaves much like the eIF4E-BPs, binding to the eIF4G
interaction site on eIF4E. It acquires transcript-specific-
ity by being tethered to particular mRNAs via the RNA
binding protein CPEB (Mendez and Richter, 2001). De-
spite a largely dissimilar structure—the only motif
shared with Maskin is the eIF4E binding site—Cup ap-
pears to have an equivalent function. Cup is recruited
to the oskar mRNA by Bruno and to the nanos mRNA
by Smaug and mediates repression of these transcripts
(reviewed by Richter and Sonenberg [2005]).
Returning to Bicoid, the initial reports of its role in
repression of caudal mRNA translation made the case
for intervention in the cap-dependent initiation of
translation. Given the numerous precedents, eIF4E was
the likely suspect to mediate repression, and a con-
certed effort was made to detect an interaction be-
tween Bicoid and eIF4E (Niessing et al., 2002). Bicoid
is one of many proteins from embryonic extracts that
bind to 7mGTP-Sepharose, a cap-analog affinity mat-
rix. If the affinity matrix was prebound to eIF4E, Bicoid
was still able to bind, suggesting that eIF4E mediated
linkage of Bicoid to the cap. This view was supported
by mutagenesis of residues within a region of Bicoid,
Y68IRPYLP74, that nearly matches the canonical eIF4E
binding motif (differing only in the final hydrophobic po-
sition, which is occupied by a proline). A doubly mutant
Y68A L73R Bicoid protein fails to repress translation of
caudalmRNA in vivo or to bind to the cap affinity matrix
in vitro (Niessing et al., 2002). Although this evidence
makes a case that Bicoid acts much like Maskin and
Cup, the interaction of Bicoid with eIF4E appears very
weak, raising the question of how Bicoid could effec-
tively compete with eIF4G for binding.
There are a number of eIF4E-like proteins. One, 4EHP
(for eIF4E-homologous protein), is notable for what it
lacks: the ability to bind eIF4G (Rom et al., 1998). With
no visible means of recruiting a ribosomal subunit,
4EHP also lacks an obvious role in translation. To ad-
dress this issue, Cho et al. (2005) turned to genetic
analysis, calling upon the organism to reveal the role
of 4EHP. When Drosophila 4EHP activity is reduced, a
fraction of the embryos from mutant mothers fail to fully
repress caudal mRNA and have anterior patterning de-
fects. An extensive series of biochemical and genetic
analyses shows that 4EHP binds to both Bicoid and the
5# cap and that disruption of either of these interactions
abolishes the repression of caudal mRNA translation.
Several features of the analysis make a compelling
case that Bicoid acts through 4EHP, rather than through
eIF4E. First, the interaction of Bicoid with 4EHP is ro-
bust and can be detected by immunoprecipitation,
while the Bicoid/eIF4E interaction cannot. Second,
extensive mutagenesis in and around the domain of Bi-
coid previously thought to bind eIF4E reveals that its
partner is in fact 4EHP. This domain is deceptively sim-
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322Rilar to the canonical eIF4E binding motif but neverthe-
Jless different. The double mutant studied by Niessing
Ret al. (2002) includes one amino acid change that fortu-
Oitously blocks 4EHP binding, while the second change
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on its own proves to have no effect on 4EHP binding or
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translational repression, despite the strong prediction
that it should abolish eIF4E binding. Finally, single D
amino acid substitutions in 4EHP that disrupt the in-
teraction with Bicoid abolish translational repression of
caudal mRNA. The same sort of test with eIF4E was
not reported by Niessing et al. (2002) and presumably
would not be possible: mutations in the domain of
eIF4E suggested to bind Bicoid would also prevent its
interaction with eIF4G, and the general defect in initia-
tion of translation would obscure any specific defect in
caudal regulation.
With the revised picture of the interactions of Bicoid
comes a new paradigm for translational repression: the
4EHP recruited to caudal mRNA by Bicoid binds the 5#
cap, excludes eIF4E, and thus prevents eIF4E-depen-
dent initiation of translation (Cho et al., 2005). The com-
petition that underlies repression occurs at the level of
proteins binding to the mRNA cap, rather than proteins
competing for interaction with eIF4E. This model is
attractive, the supporting evidence compelling, and it
seems likely that 4EHPs in other organisms will play the
same role (although partnering with proteins other than
Bicoid, which is quite limited in its phylogenetic distri-
bution). Despite the parallels to repression mediated by
Maskin and Cup—all involve competitive inhibition of
an interaction required for initiation of translation—
there is an interesting difference: 4EHP binds its sub-
strate with high affinity, while the interaction of Maskin
(and possibly Cup) with eIF4E is weaker. The signifi-
cance of this difference is unknown, but one clue may
come from the known targets of the different proteins.
Transcripts repressed by Maskin (and Cup) must
eventually be translated, demanding that repression is
reversible. In contrast, the localized repression of cau-
dal by Bicoid is meant to be permanent. It now seems
that the mechanism assigned to Bicoid the translational
repressor will have a measure of permanence as well.
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